I. INTRODUCTION
Currently, renewable energy resources as distributed generators in power systems are growing up in many countries around the world including Thailand due to rising fuel price, high electricity price and environment concerning. One of the most popular distributed generators is solar or Photovoltaic (PVs) power generator. In 2014, the government of Thailand encourages residential and commercial units to install rooftop PVs for producing and selling electricity through Feed-inTariff (FIT) which is proposed to attract many people for participating in this campaign.
Grid connected PV systems use a power electronic inverter, which injects harmonic current into the power system, for changing DC to AC. However, the large amount of the rooftop penetration connected into Low Voltage (LV) distribution network, the large numbers of inverters which cause harmonic current injected into the grid also are massive in the network. The utility may face the important issue as the harmonics problem in residential network. Its disadvantage causes some electrical devices and the local equipment in the distribution network (like transformer, capacitor bank)
Manuscript received April 16, 2015; revised September 24, 2015. malfunction or may be damaged. The utility needs to study and analyze attentively the power quality issues for the optimization of the penetration rooftop PV in LV distribution network to minimize impact of rooftop PV.
There are several papers interested in harmonics problem with PV systems [1] - [3] . They research some factors which can influence the harmonic distortion of the grid like radiance, environmental temperature, the control method of the inverter, the imbalance of three-phase grid, and the voltage harmonics of the grid. This paper uses two factors as system loading level and some harmonics of the grid (before PV will be connected to a network) for analyzing the effect to harmonic output of PVs.
II. SIMULATION SETUP

A. Distribution System Model
PEA residential low voltage networks are composed of four wires with radial topology. It contains 250kVA Distribution Transformer (DTR) power rating which was connected in medium-voltage: low-voltage (22kV/400V). The secondary side of DTR has 3 feeders and there are 159 households) (71 single phase loads and 88 three phase loads) as shown in Fig. 1 .
B. Residential Load Profile and Daily Curve Power of Rooftop PV
Power output of Rooftop PV and the loading curve of residential during 24 hours are shown in Fig. 2 and Fig. 3 , respectively.
C. Parameter of PV
 Size and connection type of PV Single phase PV sizes 3kW with 2 types of inverter as PV1 and PV2.
PV1 is represented rooftop PV with inverter type 1 release THDi less than 2%
PV2 is represented rooftop PV with inverter type 2 release THDi more than 5%  Penetration level of Rooftop PV is the proportion of installed power solar rooftop with the rated power of transformer Rooftop PVs will be installed to distribution system with 10, 20, 30, 50, 60, 70, and 80% PV Penetration. Nodes connected with PV are shown in Table I .
D. Simulated Scenarios
Scenario 1: It assumes that the distribution system is balanced and without harmonics in the grid.
Scenario 2: It assumes that the grid (without PV installation) has some harmonics making the Total Harmonic Distortion voltage (THDv) is nearly 2%.
Case study are 4 cases as: Case 1. PV1 is installed in scenario 1 with 10% to 80% PV penetration Case 2. PV1 is installed in scenario 2 with 10% to 80% PV penetration 
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III. TEST RESULT
When PV1 (THDi<2%) were connected to system more than with 60% PV Penetration in Case 1 and 2, the THDv of buses exceed the limitation (must less than 5%). For PV2 (THDi>5%) were installed less than 40% PV Penetration, THDv of buses still be in standard. Comparing Fig. 4(a) and Fig. 4(b) when the network loading is changed to 80%, the trend of THDv in system is the same.
When PV penetration integrated to the network is more, the total harmonic distortion voltage of buses on the network is higher as Fig. 5(a) and Fig. 5(b) .
When the large number of PVs are connected to the polluted grid (with total harmonic distortion voltage about 2%), harmonics background in system and
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Case 3. PV2 is installed in scenario 1 with 10% to 80% PV penetration Case 4. PV2 is installed in scenario 2 with 10% to 80% PV penetration All cases are considered at loading level, 25%, 50% and 80% of rated power transformer.
E. Standard Harmonics Limitation
Total Harmonic Distortion (THD): The ratio of RootSum-Square (RMS) of the harmonic component and RMS of the fundamental component in the percentage as the total harmonic distortion current (THDi) and the total harmonic distortion voltage (THDv) in (1) and (2) respectively. Ref. [4] , [5] the limitation of THDv at Point of common coupling (PCC) are shown in Table II and the   limitation of THDi at PCC are shown in Table III and  Table IV.   222   2  3  4 1 (%) 100 harmonics from PV inverters are making THD of the network higher as Fig. 6(a This paper studies harmonics impact of rooftop PV with inverter 2 type (which has THDi<2% and >5% in PV1 and PV2 respectively). Although THDi of PV inverter is less than 2%, it is possible to face the THDv of buses in system exceed the limitation if PVs were connected to grid with higher 60% to 80% penetration of the rated power of the distribution transformer. Considering system loading level at 25%, 50%, and 80%, it has an effect on to THD of system slightly. Besides, harmonics background in network should be measured and taken into account before high penetration PV will be integrated to LV network. When PVs were connected to the polluted grid, both THDi of PV inverter and harmonics background may affect THD of network to increase or higher the standard. 
